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Background. This study analyzes trends in hospitalization and outcome for adull, elderly, and
pediatric trauma victims in the Florida Trauma System (FTS) from 1991 to 2003, during which time

the number of centers nearly doubled from 11 to 20.

Methods. Administrative data was queried for all admissions with at least one trauma related
discharge. Patients were stratified by age as pediatric (age, 0 to 15 years), adult (age, 16 to 64 years),
or elderly (age, > 64 years). Volume of admissions, severity, and mortality were analyzed over time. A
logistic regression model was used to lest the existence of an organizational experience curve after the

designation of a new trauma center.

Results. Injury-related hospitalizations increased for the elderly, stayed the same for adults, and
declined for children. As the system matured, a larger percentage of victims, particularly the most
severely injured, were triaged to trauma centers, indicating more effective triage. In contrast to adults
and pediatric patients, the majority of elderly trauma victims were managed at non-trauma cenlters.
The trauma mortality rate per 1,000 population among the elderly increased during the study period
(P < .01). Multivariate analysis indicated that for adult and pediatric victims it took up to 3 years
after the designation of trauma center status before the odds of mortality reached parity with that of

established centers.

Conclusions. The FTS has grown with its population and has matured to treat a larger percentage of
trauma victims. Trauma victims transported to established trauma centers (4+ years) have a survival
advantage compared to their counterparts transported to newly created centers. The reduction in the
odds of mortality does not occur immediately after trauma center designation.

(Surgery 2006;140:34-43.)
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This observation has been the major stimulus to
increase access to DTCs, and to coordinate DTC
interaction into a functional trauma care system. It
takes time, however, for a newly designated DTC to
realize a reduction in mortality as its trauma pop-
ulation changes in terms of volume and injury se-
verity. These changes require both increased
resources and adaptation in administrative and
clinical protocols, which may be unanticipated at
the time a hospital begins to seek designation as a
DTC, implying the existence of an organizational
experience curve. Effectiveness of a trauma system,
therefore, is contingent upon the number of DTCs
per population, distribution of DTCs to optimize
patient access, and “maturation” of DTCs to a
steady state of performance that assures maximum
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survival advantage for the severely injured patient.
Having established that trauma center designation
does impart a survival advantage, we sought to in-
vestigate the effect of a rapidly increasing popula-
tion on the function of our state trauma system in
terms of DTC volume, demographics, and out-
come. As additional DTCs were recruited into the
system, we evaluated differences in mortality at new
DTCs compared to their established counterparts,
and the time interval that newly designated centers
required to achieve parity with established centers.

Florida trauma centers. Florida’s first trauma
legislation, passed in 1982, required the Depart-
ment of Health and Rehabilitative Services to de-
fine criteria for trauma center designation, verify
hospital compliance with these criteria, and desig-
nate appropriately qualified hospitals as Level I, II,
or Regional Pediatric Trauma Referral Centers
(RPTRC). In 1991, the initial year of this study,
there were 11 DTCs. Six additional centers were
established between 1992 and 1994 whereas 3 oth-
ers were added in, respectively, 1997, 1998, and
2000. The Florida Trauma System is an “inclusive
system” in that participation in the system is volun-
tary on the parts of hospitals, numbers of centers
are not determined by central administration, and
geographic distribution of centers is not regulated.
Twenty-two years after the 1982 legislation, the
state’s trauma system is mature and includes mul-
tiple interrelated and coordinated initiatives dedi-
cated to prevention, pre-hospital care, acute care
facilities, and post discharge longitudinal follow
up. Florida currently has 21 DTCs, the 21st having
been officially designated in March 2005. The 19
Level I and II trauma centers provide similar im-
mediate medical specialty staffing, and differ in
that Level I programs are expected to engage in
active regional programs of education and re-
search. Every Level I center is also required to meet
all requirements for designation as a RPTRC.

DATA AND METHODS

This analysis combines information from the
Florida Inpatient Hospital Discharge and Financial
Datasets compiled by Florida’s Agency for Health
Care Administration (AHCA). The datasets cover
all acute care hospitals in the state. The discharge
dataset contains demographic and case-mix related
characteristics, including age, gender, ethnic ori-
gin, up to 9 diagnoses and procedures, source of
admission, and discharge status of all hospitalized
patients. The financial dataset contains data con-
cerning hospital expense categories for overall op-
erations or patient care only.
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Study population. The study population was de-
fined to identify serious injury based on ICD-9CM
codes. These included: 1) fractures of the skull,
neck, and trunk, intracranial injury, and spinal
cord injuries (800-809, 850-854, and 952); 2) other
fractures (810-829); 3) internal injury of the tho-
rax, abdomen, or pelvis (860-869); 4) injury of
blood vessels (900-904); and 5) burns (940-949).
For this analysis, trauma alert patients were defined
as those with any of the above injuries and who
were designated as emergency admissions in the
administrative dataset. Moreover, patients with a
primary diagnosis code historically not associated
with risk of mortality were excluded. The latter
determination was made using survival risk ratios
(SRRs) that measure the proportion of victims with
a specific ICD-9CM code that survive after admis-
sion. For example, during the study period, there
were over 5,000 admissions, emergency and non-
emergency cases, associated with fractures of one
or more phalanges of the hand (ICD-9CM 816.xx),
none resulting in mortality. These admissions were
excluded to assure results were not influenced un-
duly by cases that are not associated with a risk of
mortality.

The International Classification Injury Severity
Scores (ICISS) method was used to estimate the
severity and, by extension, individual patient risk of
mortality, associated with specific injuries. The
ICISS were calculated from SRRs derived from all
years in the dataset excluding the year during
which the patient was discharged from the hospital
to avoid potential bias. Thus, the 2003 SRRs were
calculated using the 1991-2002 data, the 2002 SRRs
were calculated using the 1991-2001, 2003 data,
and so forth. A lower ICISS indicates a greater risk
of mortality, implying increased severity.'>”

Study methods. To assess the effect of a growing
population on the function of the trauma system, 3
hypotheses were tested.

1. Population growth and system maturation resulted in
a larger proportion of trauma victims being treated in
DTCs over time, especially the more severely injured
segment of the trauma victim population.

2. Average mortality rate across the trauma system will
stabilize over time as more aggressive treatment was
implemented by DTCs (survival advantage of triage to
a trauma center).

3. A time lag in the reduction in mortality rate of injury
existed after the conversion from NC to DTC status.

Data from the fourteen year period from 1991 to
2003 was used in the analysis. The first two hypoth-
eses were tested by analyzing trauma admissions in
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Fig 1. Number of trauma cases (1991-2003).

general, severity of trauma admissions, and mortal-
ity of severely injured victims. Trends were analyzed
using linear regression.

The third hypothesis was tested using a multivar-
iate logistic model to examine whether a time lag
existed in mortality rate reduction after conversion
of an NC to DTC. The dependent variable was
dichotomous with a value of 1 if a patient died and
0 if the patient survived. The primary independent
variable of interest was the number of years that
elapsed since designation as a trauma center. Two
models were executed separately to test the hypoth-
esis. In the first specification a variable indicating
the actual number of years elapsed since designa-
tion as a trauma center indicates whether an orga-
nizational experience curve exists. The second
specification seeks to determine the duration of
any experience curve by including five dummy vari-
ables indicating whether an individual hospital had
been a DTC for less than 1 year, 1 to 2 years, 2 to 3
years, 3 to 4 years, and 4 to 5 years. In each case, the
comparison group in this experiment was the set of
DTCs that had been accredited for over 5 years.

Other explanatory variables in the model con-
trolled for the influence of the type of DTC, trauma

volume, general hospital quality (measured by the
dollar value of resources devoted to patient care
per inpatient day), distance between the DTC and
patients’ place of residence, patient age, gender
and ethnic origin, injury severity, and primary in-
Jury type.

A Chow-Test for structural breaks was used to
determine whether the coefficients in a regression
model were the same in different sub-samples.'®
This approach showed significant differences in
mortality risk based on age.'”*® Therefore, the
model was estimated and analyzed separately for
children, adults, and the elderly according to Flor-
ida trauma triage criteria. Victims aged 0 to 15 years
were categorized as pediatric patients (PED), vic-
tims aged 16 to 64 years were classified as adults
(ADLT), whereas individuals 65 years of age and
older were categorized as elderly (ELD).

RESULTS OF DESCRIPTIVE ANALYSIS OF
TRENDS

Trauma admissions. Figure 1 shows the quar-
terly trend for trauma cases in all Florida hospitals
from 1991 to 2003. The first quarter of each year is
indicated by a solid bar, followed by outlined bars
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Fig 2. Trauma cases per 1,000 population.

for the remaining three quarters. The solid line
flowing from left to right is the annual moving
average of trauma cases. Fig 1 A includes all cases
and indicates a clear seasonal pattern, with a steady
reduction in the number of trauma cases during
the second and third quarters, followed by a sharp
increase during the last quarter of each year. The
trend also indicates steady growth in the number of
trauma hospitalizations, particularly since 1998.
Figs 1 B to D indicate that the seasonal trend was
driven by the elderly.

The trend shown in Figs 1 A and C indicate an
additional burden on the state trauma system an-
nually in the first and fourth quarters. The non-
elderly adult trauma population exhibited
significant fluctuations within each year but fol-
lowed no clear seasonal pattern. The pediatric
trauma population exhibited a pattern tending to
spike during the second and third quarters that
include the summer months when children are not
in school.

Figure 2 shows the rate of trauma admissions per
1,000 people in the state for the study period.
Results of linear regression analysis are indicated by
showing a significant increase or decrease as either
(+) or (—), whereas a non-ignificant trend is
marked as (NS). The rate of trauma admission in
the overall (P = .16) and ADLT populations (P =
.74) did not change. The elderly, however, experi-
enced a steady statistically significant increase in
the rate of trauma-related hospitalizations during
the study period (P < .01). In contrast, children
experienced a decrease in the rate of trauma hos-
pitalizations during the study period (P < .01).

Distribution of trauma hospitalizations. Figure 3
shows the distribution of trauma cases between
DTCs and NCs. The overall trend supports the
hypothesis that the percentage of trauma cases
treated at DTCs increased as the system matured.
The strength of the trend, however, differed by age.
The addition of 6 DTCs from 1992 to 1994 in
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Broward, Palm Beach, and Lee Counties is seen
clearly in Figs 3 A, B, and D, affecting primarily
ADLT and PED victims.

Severity. Figure 4 demonstrates the mean ICISS
Ps for trauma victims transported to either DTCs or
NGCs. As expected, the ICISS Ps of patients trans-
ported to DTCs was lower, reflecting a greater in-
jury severity level. The mean ICISS for DTC
patients exhibited greater fluctuation over time
compared to NC patients. This trend was particu-
larly true in the elderly, which showed very little
fluctuation in the NC segment of the patient
population.

Figure 5 illustrates the percentage of the most
severely injured patients, defined by an ICISS Ps as
less than or equal to 0.25, transported to either
DTCs or NCs. Each chart includes an annual mov-
ing average, and demonstrates that the proportion
of the most severely injured patients transported to
DTCs did increase as the system matured. The
trend was strongest for ADLT trauma victims.

Whereas the proportion of the most severely
injured ELD patients transported to DTCs also in-
creased over time, the quarterly fluctuations were
much more dramatic. The distribution of PED pa-
tients between DTCs and NCs (Fig 4 D) showed no
discernible trend over time. Nonetheless, in most
periods, the majority of the most severely injured
PED patients were treated at DTCs.

Mortality. Figure 6 shows the mortality rate for
the most severely injured patients (ie, ICISS Ps
=0.25). The pattern associated with non-elderly
adult patients illustrates a relatively stable risk of
mortality for DTC compared to NC patients (Fig 6
B). The mortality rates for the elderly show a sim-
ilar difference in the relative quarterly fluctuations.
Elderly NC patients tended to experience a high
degree of fluctuations in the risk of mortality,
though not as clearly as ADLT patients. The pedi-
atric sample of patients with ICISS less than 0.25
was small, resulting in extreme fluctuation for both
the DTC and NC groups. In at least 1 period, there
were 0 patients in the ICISS less than or equal to
0.25 category.

Figure 7 shows the mortality rate per 1,000
people in the state for the study period. Linear
regression results are again illustrated by show-
ing a significant increase or decrease as either
(+) or (—) whereas a non-significant trend is
marked as (NS). Overall, the mortality rate per
1,000 people did not change during the study
period (P = .97). However, there were notable
differences between the age groups. The trend in
the mortality rate per 1,000 people for ADLT,
although negative, was not significant (P = .15).
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Fig 3. Percentage distribution of trauma victims to DTC and NC.

However, ELD experienced a strong upward
trend in the mortality rate per 1,000 people (P <
.01). In contrast, the rate for PED decreased over
time (P < .01).

RESULTS OF MULTIVARIATE ANALYSIS:
THE ROLE OF EXPERIENCE

The multivariate model was executed separately
for 2 different specifications of the time elapsed
since trauma center designation. The results are
shown in the Table. Only the estimates associated
with the time variables are shown in the Table. The
statistical control factors are discussed in previous
reports and are not included here to conserve
space but are available from the authors on re-
quest. The first set of equations contained a single
variable indicating the number of years elapsed.
This specification allows testing of the hypothesis
that more established centers, indicating greater
organizational experience, were associated with
lower odds of mortality. The results indicate that
the odds of mortality declined significantly as orga-
nizational experience increased in the ADLT and
PED equations. Although the time elapsed variable
had a negative coefficient in the ELD equation, the
trend was not significant at the a = .05 level.

In the second specification of the model, the
number of years elapsed was replaced by a series of
dichotomous variables indicating the passage of 0
tol,1to2, 2to3, 3 to4, and 4 to 5 years. This
specification was used to determine whether the
gains from experience occurred one time or in
stepwise fashion. The time elapsed variables exhibit
a clear trend in the ADLT equations and indicate
that experience played an important role in out-
come. On average, ADLT patients admitted to new
DTCs had a higher probability of mortality com-
pared to their counterparts admitted to more es-
tablished institutions. The difference, as measured
by the estimated coefficients, showed a small in-
crease from the 0 to 1 to the 1 to 2 years variables,
and a declining pattern thereafter. The odds-ratios
for the variables indicating 0 to 1,1 to 2, 2 to 3, 3
to 4, and 4 to 5 years elapsed since DTC designa-
tion were, respectively, 1.43, 1.66, 1.59, 1.28, and
1.09.

These results differed for the ELD as the coeffi-
cients on the first 3 time-elapsed variables were not
statistically significant, indicating that more estab-
lished DTCs did not have a different mortality rate
than more recently designated centers. In the pe-
diatric equation the estimated coefficient of the
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Fig 4. Mean ICISS level of DTC and NC patients (1991-2003).

less-than-1-year variable indicated that centers with
less than 1 year experience had a higher mortality
rate than more established centers. The results for
the remaining time variables, however, were not
consistent. Although the 2 to 3 years variable again
had a significant coefficient, the others do not.

DISCUSSION

Trends. This trend analysis of an established
state trauma system demonstrates areas of dramatic
change as well as evolving challenges to future
function. Many of these trends are unique to spe-
cific patient age groups. Trauma admissions in-
creased for ELD (relative and absolute), decreased
for PEDS (relative and absolute), and were un-
changed for ADLT (absolute). Unlike PEDS and
ELD, ADLT trauma hospitalizations did not exhibit
a seasonal pattern. Trauma hospitalizations for the
elderly peaked in winter, whereas those of children
peaked in summer. The influx of elderly into the
state during the late fall and winter months prob-
ably explains the former pattern. Furthermore, the
fourth quarter, which is associated with holidays
during which travel is common, is associated with
an increase in traffic accidents.

The overall proportion of trauma cases treated
at DTGCs increased over time. Of interest is the
decreased percentage of cases treated at DTCs ver-
sus NCs during the last year of the analysis. The
decrease is only in relative terms; because the ab-
solute number of trauma patients treated in DTCs
increased by 0.79% from 2002 to 2003, whereas
trauma patients treated in NCs increased by 12.8%.
The proportion of severely injured victims treated
at DTCs increased by 10% compared to 87% at
NGCs. This relative decline at DTCs may reflect a
temporary fluctuation but could also indicate that
some DTCs in the system had reached or exceeded
their capacity during the last year of the analysis.

The mean severity level of trauma victims trans-
ported to DTCs increased for all age groups. The
difference in the mean level of severity between
DTC and NC patients was significant (a = 0.05) for
all age groups. The consistency in NCs severity
averages may reflect the shunting effect of trauma
alert criteria and paramedic triage decisions, such
that patients transported to NCs were determined
to be less severely injured and, therefore, were a
somewhat more homogeneous population. The
trends indicate a greater non-adjusted mortality
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rate for trauma victims treated at DTCs. Selection
bias or risk adjustment in the triage decisions that
determine whether a trauma victim will be trans-
ported to either a DTC or NC explain these re-
sults.”** The existence of this bias results in
patients transported to DTCs having a systemati-
cally greater probability of mortality. Despite this,
the mortality rate per 1,000 people in the state
actually declined for PEDS and ADLT, albeit not
significantly for the latter. In contrast, the rate
increased sharply for ELD during the same period.

It is noteworthy that the smallest increases in the
rate of triage to DTCs took place for the elderly.
From 1991 to 2001, the number of older drivers
(over 70 years) who were killed in Florida traffic
crashes increased by 70%. Florida led the nation in
the number of older drivers killed in 2001 (The
Road Information Program 2003).?° Despite this,
elderly trauma patients were less likely to be trans-
ported to a DTC, and the percent managed in
DTCs remained constant over the l4-year study
period in spite of an almost doubling of the num-
ber of trauma centers. Increased injury rate and
fatalities per 1,000 population among Florida’s el-
derly reflect both low trauma triage rates to DTCs
and shortfalls in effective injury prevention. The
finding that triage of the elderly patients to NTC
occurred concomitantly with an increased injury
mortality rate for this group suggests that under
triage of elderly patients, a vulnerable and increas-
ing population, is occurring, and this increased
mortality is a shortcoming of the system. Stated
differently, more effective triage of elderly trauma
victims to appropriate treatment sites, ie, DTCs
versus NTGCs, could improve significantly the sur-
vival rate for this cohort. This finding, although
descriptive, suggests a survival advantage for pa-
tients triaged to a DTC. This observation has been
confirmed in a separate analysis of the Florida
Trauma System.?’

To further explore the differential between the
elderly and the rest of the population, the trend in
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the 2 most frequent reasons for trauma-related hos-
pitalization (in both DTC and NTC) were exam-
ined; these were fractures and internal injuries of
the thorax, abdomen, and pelvis (Fig 8). The per-
centage of the elderly hospitalized for fractures is
substantially larger compared to the rest of the
population. On the other hand, the percentage of
elderly hospitalized with internal injuries to the
thorax, abdomen, and pelvis is significantly smaller.
In both cases, the percentage of hospitalization due
to fractures increased slightly over time. It is note-
worthy that, in absolute terms, hospitalizations due
to internal injuries to the thorax, abdomen, and
pelvis increased for both populations. The largest
increase was associated with the elderly; the annual
average number of cases increased by 17% between
the first (1991-1996) to the second (1997-2003)
half of the study period. The overall population
experienced an increase of only 4%.

The general downward trend in the number of
pediatric trauma cases may reflect the different
epidemiology of childhood injury. Because this
trend analysis was restricted to emergency cases
and those related to non-zero risk of mortality, it
excluded a large proportion of children admitted
as “non-emergency cases,” or with diagnoses that
are not associated with any risk of mortality.

Multivariate model. Improvements in perfor-
mance with experience are referred to commonly
as organizational experience or learning
curves,?®®? and have been identified in various in-
dustries, including medical institutions.>**® The
shape of the learning curve, whether it represents a
one time improvement or a stepwise process, may
have important implications for regulations and
policy implementation.

Our results define the existence of an important
organizational learning curve for new DTGCs, espe-
cially in care of injured ADLTs. The variables indi-
cating elapse of 0 to 1, 1 to 2, 2 to 3, 3 to 4, and 4
to 5 years since DTC designation are associated
with estimated odds-ratios of, respectively, 1.43,
1.66, 1.59, 1.28, and 1.09. The coefficients decline
steadily after the first full year and become statisti-
cally insignificant by the fourth year after DTC
designation. Stated differently, adult patients trans-
ported to centers with four years or more experi-
ence as a DTC have a lesser mortality rate after
controlling for the influence of quality, distance,
severity, patient demographics, and type of injury.

For the pediatric population, organizational ex-
perience as a DTC is also important. The results,
however, indicate a shorter adjustment period. The
reasons for this finding include epidemiologic fac-
tors associated with the types of injuries and demo-
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Table. Logistic regression results

Surgery
July 2006

Adults Aged 16 to 64 years

Elderly Aged 65 and over

Children Aged 0 to 15 years

Years elapsed

DTC 0 to 1 year
DTC 1 to 2 years
DTC 2 to 3 years
DTC 3 to 4 years
DTC 4 to 5 years

—0.050%(<.001)
0.360%(.001)
0.506%(<.001)
0.463%(<.001)
0.249%(.018)
0.084 (.455)

—0.018(.088) —0.085%(.038)
0.102(.277) 0.784*(.017)
0.113(.213) 0.176 (.618)
0.151(.083) 0.665%(.027)

—0.094(.352) 0.313 (.337)

—0.007(.942) —0.019 (.953)

DTC, designated trauma center.
*Significant at the a = .05 level. Values in parentheses are Pvalues
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Fig 8. Percentage of trauma hospitalizations due to frac-
tures or internal injuries of the thorax, abdomen, and
pelvis.

graphic  characteristics.  The influence of
organizational behavior was not significant for el-
derly patients. This surprising finding warrants ad-
ditional research but is likely the result of
epidemiologic characteristics concerning their in-
juries, consistently low proportion of triage to DTC,
and demographic composition.

Because this analysis was based on administrative
data, it suffers from the inherent restrictions that
accompany using information collected for reasons
other than research. For example, when examining
the probability of mortality, the data do not allow
controlling for the physiologic condition of trauma
victims. Risk stratification using ICISS, however,
does introduce the effect of physiologic derange-
ment associated with the various injury diagnoses
used to calculate survival risk ratios. Nonetheless,
the results presented here should be of value to
policy makers, hospital administrators, and provid-
ers at all levels in trauma systems in planning the
future of the system.

The trauma system offers a number of advan-
tages to the citizens of Florida and neighboring
states. These include the opportunity for triage of
severely injured patients to DTC that are organized
for trauma care. The statewide triage rate for in-

jured patients to DTC in 2003 was 38%. This num-
ber is lower than it should be but reflects an uneven
geographic distribution of trauma centers. The ef-
fect of DTC availability on triage rates was shown
when a new center was added recently to an under-
served area. The statewide triage rate increased,
soon after the opening of the DTG, to nearly 50%.
In addition, trauma centers house specialty services
such as burn care, spine injury and disease care,
hand surgery, and comprehensive rehabilitation
services that were scarce in Florida before imple-
mentation of the trauma system. Moreover, the
trauma system is the “backbone” of medical re-
sponse to disasters. This fact was amply demon-
strated in 2004 when Florida was struck by 4 major
hurricanes. The trauma system has several inherent
disadvantages as well. The system is inherently un-
stable and vulnerable to changes in the health care
economy. Moreover, there is no system to provide
effectively incentives for hospitals to join the
trauma system. Finally, the presence of a DTC in a
community may lead to over-triage of less severely
injured patients to the DTC leading to inadequate
capacity in the DTC.

CONCLUSIONS

In Florida, the annual number of trauma victims
increased among non-elderly adults and the elderly
from 1991 to 2003. For the elderly, the upward
trend is both absolute and relative to the size of the
population. For children, trauma hospitalizations
decreased both in absolute terms and as a percent-
age of the population. On average, adult patients
admitted to more established DTCs had a lesser
probability of mortality compared to trauma vic-
tims admitted to newly designated trauma institu-
tions. To a lesser extent, organizational behavior is
also important concerning pediatric trauma out-
comes. This finding was not observed in the elderly
populations. Reductions in the odds of mortality
after trauma center designation are not immediate.
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